This paper presents an experimental comparative study on the thermal performance and heat exchange of two single pass solar air heaters models (SAHs); we have proceeded to reversing the flow direction in the solar air heater. Initially, to determine the best performing model and to improve the efficiency factor of the SAH. Secondly, to evaluate the convective heat transfer coefficient of both models, named: N-1 and N-2. The indices (1) and (2) indicate, respectively, that the air was blown up or blown down in the channel duct of the SAH. Therefore, we have compared between the efficiencies, the convective heat transfer coefficient, Nusselt number curves and the distribution of air temperatures in the channel ducts of both solar air heaters. Both collectors were designed, constructed and tested in the University of Biskra (Algeria) in a stand facing south at an inclination angle equal to the local latitude. The results show that N-2 model (air blown down) is more efficient than N-1 model (air blown up), and the improvements in the heat exchange due to this technological solution are about 10-20%.
INTRODUCTION
There are basically two types of solar collectors: nonconcentrating or stationary and concentrating. A nonconcentrating collector has the same area for intercepting and for absorbing solar radiation, whereas a sun-tracking concentrating solar collector usually has concave reflecting surfaces to intercept and focus the sun's beam radiation [1] .
Solar air heating is a solar thermal technology in which the energy is captured from the sun by an absorbing medium and used to heat air. Among stationary solar heaters, air flatplate collectors, SAHs, have been widely used for energy conservation and management in an increasing number of installations. They are quite attractive for low-temperature solar energy technology which requires air temperatures below 100°C. In fact, solar air heaters are extensively used over years, because they are relatively simple with a minimal use of materials, and have low capital costs [2, 3] .
Solar air heating is a renewable energy heating technology used to heat or condition air for buildings or process heat applications. Heat transfer augmentation techniques have been extensively developed to improve the thermal performance of heat exchanger systems with a view to reducing the size and cost of the systems, the technique has been widely applied in many engineering applications [4] . These techniques was studied for the evaluation of the convective heat coefficient along the air channel duct with different forms of plate fins inserted in the flow channel duct of the SAHs, allowing a complete representation of the temperatures profile of the absorber [5, 6] .
Although numerous studies on the SAHs efficiency improvement have been reported by experimental and numerical work for heat transfer mechanism inside [4, [7] [8] [9] [10] .
Many techniques are presented the heat loss coefficient for many applications such as heating, drying and air conditioning by using solar energy [11] [12] [13] [14] .
In our laboratories, several theoretical and experimental investigations were carried out on the enhancement of thermal performances of SAHs designed for drying, heating and cooling applications [15] [16] [17] [18] [19] [20] [21] [22] . In all these studies, the authors were used different form of obstacles mounted under the absorber plate on the air channel duct.
In the present paper, we have conducted a comparative study between two models of SAHs, differenced by their air flow directions, by comparing between their efficiencies, the curves of the convective heat transfer coefficient and Nusselt number of both solar air heaters.
EXPERIMENTAL

Experimental setup
Both solar air heaters are tested in the University of Biskra under similar environmental conditions in the spring of 2012. Biskra is located in the East of Algeria with latitude of
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34°48' N, longitude of 5°44'E and Altitude of 85m. The collectors are placed on a stand facing south at an inclination angle equal to the local latitude. The air outlet and inlet cross-sections are equipped by divergent channel duct, the test facility permit to vary the mass flow rate of the air. In summary, the above experimental setup was instrumented for the measurement of the solar radiation intensity, wind velocity, pressure drop, temperature of the atmosphere air, inlet and outlet air temperatures, surface temperature of the absorber plate and the temperature at different points in the air flow channel.
To carry out these experiments, K-type thermocouples with an accuracy 0.1 °C, Kimo type anemometer with hot wire (VT300) with an accuracy ±3% of reading and ±0.1 m/s for velocity, pressure transducer (Kimo CP301) with an accuracy ±1Pa and 0.5% of reading, Kipp and Zonen pyranometer CM 11 with 1% accuracy, are used.
The materials used in the fabrication of both SAHs components are the same. The absorbers are made of galvanized steel with non-selective black coating. The heated air flows between the inner surface of the absorber plate and the back plate. The rear insulation is made of polystyrene sheet (30mm of thickness), which is sandwiched between two plywood sheets of 5 mm each.
Both collectors components have the same size: thickness of the single cover glass (5mm), height of the air gap between the cover and the absorber plat (25mm), height of the air duct (25mm), dimensions of the absorber (1.96m×0.9m with the thickness of 0.4mm) and thickness of the rear insulation (40 mm).
In figure 1 , we present a schematic view of both studied SAHs models; I) N-1model is a simple pass SAH without obstacles, the air flow is blown up from the lower entrance to the upper exhaust and II) N-2 model is a simple pass SAH without obstacles, and the air flow is blown down from the upper entrance to the lower exhaust. The air temperatures readings are based on a simple mesh, each temperature value is measured at half height point (z=e/2), five (05) intervals following the flow direction axis (x) (small mesh sections at the entrance and exit, and wide sections in the middle of the collector) and three intervals on the half-width of air channel duct perpendicular to the flow direction (y) (by considering that the air temperature is symmetric). The temperature values are recorded according to the points shown in the following illustration (Fig. 2). 
Experimental analysis
The useful energy gain had been established as below [2] :
The instantaneous collector efficiency relates the useful energy to the total radiation incident on the collector surface by Eq. (3).
We describe the heat transfer between the fluid and the absorber by a local heat coefficient hx, the heat flux by convection from the absorber-plate to this fluid element is given as [2, 5] :
and the local heat flux by:
whence, the average heat coefficient can be given by:
where Tn is the superficial absorber temperature in x-point, taken as an average along the absorber width l.
That is to say:
The The local and the average Nusselt number can be writen as: Figure 3. We also, present a comparison between the recorded results of the outlet and the absorber plate temperatures of both models (N-1 and N-2) with the air flow rate of 80m 3 /h.
RESULTS AND DISCUSSIONS
Evaluation of the SAHs performances at a fixed air flow rate
As can be seen in Fig.3 , the recorded outlet temperature values of the air are substantially higher in the case of model N-2 during all hours of testing days, while the contrary occurs for the absorbers temperature values so that, the temperature values of the absorber plate of model N-1 are higher in comparison with that of N-2 model. 
Thermal efficiencies at different air flow rates
The basic method of measuring collector performance is to expose operating collector to the solar radiation and measure the fluid inlet and outlet temperatures, the fluid flow rate, the solar radiation on the collector, ambient temperature, and wind speed are also recorded. ASHRAE standard requires that, for the collector efficiency test, the solar insulation must be above 630 W/m2 [24] . The variation of the efficiency (η) is studied as a function of variation in the air flow rate (Fig.  4) . It should be noted that the collector efficiency increases considerably with increasing air flow rate. Furthermore, inversing the air flow direction in the SAH channel duct is a good technological solution to improve the thermal performances of SAHs, it is found that N-2 model (air blown down) is more efficient than N-1 model (air blown up), and the improvements of thermal performances are important due to the conversion of air flow direction from (blown up) to (blown down) in the channel duct of the SAH. 
Temperatures distribution
To get an idea of the air temperature distribution in the flow channel for different air flow rates, we installed 16 thermocouples in half-width of the air duct (by considering that the distribution is symmetric).
The temperature distribution is obtained by the reading in the experiment points presented in Fig. 2. The Figures 5 and  6 show the contours of the temperature distribution of the air in the channel ducts of both models N-1 and N-2, for air flow rate equal to 80m 3 /h and for solar intensity Ig equal to 810 W/m 2 .
It can be seen that the temperature distribution is not the same, neither at the entrance or the middle, nor at the outlet of the channel duct of both SAHs.
The distribution of air temperature along the solar air heater channel shows an increase tendency with the increment of x (where x is the location of thermocouples starting from the entry of test section). The maximum values of T are obtained in the middle of the collector at a distance x= 1.2-1.4m for both SAHs, a slight decrease of the temperature occurred (in the middle of the collector) beyond x=1.4m due to the exit effect.
By comparing between the temperature contours of both SAHs (Figs. 5 and 6), it is notable that the air temperature values along the channel duct of model N-2 are higher than that of model N-2. 
Variation of the convective heat transfer coefficient
The results obtained from measurements of air temperatures along the collector length, and the calculations of the convective heat transfer factor (hf (x)) (Qv = 40m 3 / h), show that this factor decreases from the entry to the output of the SAH and it reaches its maximum value at a distance x = 25cm. This leads to the following conclusion: The heat transfer between the air and the absorber is more important at the distance (x) equal to 0.25 m from the entrance of the SAH corresponding to 13% of the total length, and beyond this distance it begins to decrease.
For flow rates greater than 40m 3 /h (Qv=80 and 120m 3 /h), we see a change in the pace of the previous curves; the exchange ratio has the highest value at the entrance of the SAH, then it starts to decrease sharply. This change is probably due to changes in the flow regime (Fig. 7) ; with low air flows (40m 3 /h), the boundary layers develop over a rather important length starting from the inlet of the SAHs, and the flow is quasi-uniform across each section, in particular towards the exit of the collector. On the other hand, for the great flows (> 80 m 3 /hm2), the flow is turbulent upon the entry of the collector, which would increase the Nusselt number in this zone. 
Variation of the Nusselt number
The examination of the Figure 8 curves, representing the Nusselt number values along the SAH for different air flow rates, highlights the effect of the direction of air entrance into the SAH. This is as illustrated, two types of curves, the first type corresponding to a flow rate 40 m 3 /h, wherein, there is a part with constant Nusselt number on almost 0.25m from the entrance of N-2 model. This may be due to the importance of the natural convection towards of the forced convection when the hot air is blown down. This part is not noticed in the representative curves of N-1 model, but a low slope is noticed in this zone.
For the air flow rates of 80 and 120m 3 /h, we noted the absence of this range with constant Nu. That is to say that, the Nusselt number records the maximum value from the entrance. Then, it decreases gradually to the exit of the collector. We think that this can be explained by the fact that at high values of flow, we can speak of abrupt contraction zones at the entrance, causing an increase in air velocity (Fig.  8) .
We have used the correlation of Kays [5] , valid for collector without fins and whose choice is justified by the fact that this correlation extends on all the fields from the Reynolds number, to calculate the Nusselt number. The results obtained are compared with the average results obtained from the experiments undertaken in the case of both SAH models.
The examination of the results, shown in Table 1 , makes it possible to say that the conversion of air flow direction from (blown up) to (blown down) in the air channel duct of the SAH increases the convective heat transfer coefficient and consequently the Nusselt number. Indeed, the improvements due to this technological solution are about 10-20%. It should also be noted that the values of measurement results are higher than those calculated from Kays correlation and the empirical correlations don't take into account the air flow direction. 
CONCLUSION
In this study, the temperature profiles of the absorber plate and the air inside and at the exit of the flow channel duct have been determined for two SAHs configurations differenced by their air flow directions: N-1 and N-2. The indices (1) and (2) indicate, respectively, that the air was blown up or blown down in the SAH.
It arises from the recorded values that the thermal efficiency of the SAH increases with the increase in the air flow rate.
Through the experiments undertaken, it can be noted that, the convective heat transfer coefficients as well as Nusselt number are higher when the air is blown down (model N-2). This is explained by the fact that the tendency of hot air particles to move to the top creates perturbations in the flow, and therefore; acquiring the maximum of heat from the absorber plate.
In addition, we notes that the gain provided by the use of this technological solution is more important for low flow rates, and decreases with increasing thereof. Therefore, it is useless to increase the volume flow rate beyond 80m 3 /h.
